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Abstract The effect of the fungal infection Fusarium
graminearum and Fusarium culmorum on naked barley
cultivars (n = 7) with respect to the barley’s total protein
content and the content of the protein fractions albu-
mins ? globulins, prolamins (hordeins) and glutelins
(hordenins) was investigated. A summer barley cultivar
(n = 1) was used for comparison. The total protein content
of the whole grain flours was very variable, ranging from
125 to 225 g kg-1. The influence of Fusarium infection
showed that the content of hordeins and hordenins was
slightly reduced, while the albumins and globulins were not
affected. In addition, the effect of the two different growing
locations on the protein content of the naked barley was
also evaluated. It could be shown that the C-hordeins,
c-hordeins and D-hordenins were significantly positively
affected by increasing nitrogen supply, whereas the
B-hordenin content was significantly negatively influenced.
Nitrogen availability seems to be a factor that promotes
gene expression for hordeins but reduces the synthesis of
the main B-hordenins.
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Fusarium graminearum and Fusarium culmorum infection
of cereal grains, such as wheat and barley, leads to path-
ogenic effects on the plant and spike. These can result in
dramatic yield and quality losses [1, 2]. Fusarium head
blight (FHB) is the visible effect of this fungal infection
and a problem known throughout the world [1, 3, 4]. The
two aforementioned Fusarium species are producers of
trichothecene mycotoxins such as deoxynivalenol (DON),
3- and 15-acetyldeoxynivalenol (3-Ac-DON and 15-Ac-
DON), and others [1]. The trichothecene mycotoxins are
potential inhibitors of protein biosynthesis. In mammals,
they lead to unspecific effects in the intestines causing
diarrhoea, vomiting, a reduced food intake and a raised
bleeding tendency of the intestines. Their specific effects
include a reduced leucocyte count connected with a loss of
immune function and an increase in free radicals in the
liver [5–8].
So far, little is known about naked barley [hull-less
barley] (Hordeum vulgare nudum) cultivars, which are
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normally grown in organic farming systems, and the
influence of Fusarium infection on the protein fractions in
this cereal. The total protein content has been documented
for naked barley as being between 12 and 16% of dry
mass [9]. The influence of Fusarium infection on grain
protein composition has been mainly investigated on
wheat cultivars. The results of these studies have sug-
gested that the infection degree had either no impact on
the total protein content or it just caused a moderate
increase in the total protein concentration [10, 11].
However, an influence on protein fractions, such as a rise
in the prolamin (gliadins) and a reduction in the glutelin
(glutenins) content, has been recorded. A change in the
synthesis behaviour at different maturation stages has
been postulated as an explanation for this observation
[11]. However, a study focusing on the synthesis of cereal
seed storage proteins did not show any alterations in the
synthesis stages during grain maturation; only a belated
polymerization of glutenins was noted [12].
As stated above, barley storage proteins have been much
less investigated in the context of Fusarium infection, and
the focus of this work was directed at determining the
proteins that are expressed as a response to Fusarium
infection [13]. Such proteins include pathogenesis-related
proteins and defence-response proteins corresponding to
the albumin and globulin fractions [13–16].
Increasing the nitrogen supply to wheat cultivars leads
to an increase in their total protein content. The content of
both prolamins and glutelin fractions is also increased. In
contrast, no influence has been documented for the albumin
and globulin fractions [17, 18]. Barley shows partly the
same response to nitrogen with respect to its protein
components as wheat [19, 20]. However, in contrast, the
glutelins are not affected by nitrogen availability, while the
albumin and globulin fraction increases [19]. No studies
have been done on naked barley so far.
The present study focuses on the influence of artificial
Fusarium infection on the Osborne protein fractions in
naked barley [21]. Here, the aim was to study the impact of
Fusarium on the fractions of prolamins (hordeins) and
glutelins (hordenins) and their different protein types in
naturally and artificially infected samples. Our investiga-
tions were concentrated on harvested grains to determine
the conditions in fully developed grains. Additionally, the
effect of two different growing locations with respect to
their nitrogen supply on the total protein content and
quantitative protein composition was also monitored.
Finally, the question as to which modifications in protein
composition and protein synthesis occur in connection to
nitrogen availability and exposition to Fusarium infection
was addressed.
Materials and methods
Experimental design and sample preparation
Seven naked barley cultivars (Lawina, Linz, Frealishe,
Yonas, ZFS, Taiga and 00/900/5N) and, for comparison,
one summer barley cultivar (Barke) were grown in two
field trials at Reinshof [22] and Sattenhausen [SH] near
Go¨ttingen in the centre of Germany. The trials were
randomized with eight replications. In each block, the
second row was artificially inoculated during flowering
three times with a mixed F. culmorum and F. grami-
nearum spore suspension (50 mL m-2; 1 9 105 spores/
mL). Three DON-producing strains of F. culmorum
(FC34, FC35 and FC36) and F. graminearum (FG142;
FG143; and FG144) were used for conidiospore produc-
tion. After harvest, the grains without inoculation (natural
infection) and with inoculation (artificial infection) of the
plots (each four replications) from each field trial were
pooled. Whole grain flour was obtained by milling
(Retsch ZM 100, Haan, Germany) at a particle size of
0.5 mm.
The location conditions at RH are 152 m above sea
level, wind sheltered and dale area near a river border. The
Nmin content was 145 kg ha
-1 recorded in 90 cm depth dry
soil. At SH, the conditions are 260 m above sea level, hilly
and windy area. The Nmin content was 95 kg ha
-1 in 90 cm
depth dry soil, and an additional fertilization with
40 kg N ha-1 was conducted 2 months after sowing.
Quantitative LC–MS/MS of Fusarium mycotoxin DON
and 3-Ac-DON
Whole grain flour (5 g) was extracted with 40 ml of ace-
tonitrile–water mixture (80:20) over night on a reciprocal
shaker. The extracts were centrifuged for 12 min at
5,0009g, and 4 mL of the supernatant were used for solid-
phase extraction (Bond-Elut Mycotoxin, Varian GmbH,
Darmstadt, Germany) according to the manufacturer’s
instructions. Two millilitres of the cleaned extract were
evaporated to dryness under vacuum, redissolved in
200 lL of methanol–water (50:50) containing 0.2 mmol
ammonium acetate, and ten microlitres of the solution were
injected onto a C18 column (100 9 2 mm, 3 lm particle
size) filled with polar modified material (Polaris Ether,
Varian GmbH, Darmstadt, Germany). The analytes were
eluted with a methanol–water gradient (15–70% methanol
during 20 min) containing 0.2 mmol ammonium acetate at
a flow rate of 0.2 ml min-1. DON and 3-Ac-DON were
detected by tandem mass spectrometry as described by
Adejumo et al. [23].
894 Eur Food Res Technol (2010) 230:893–902
123
Quantitative nitrogen analysis
The nitrogen content was quantitatively measured with a
C/N-analyser (Vario MAX CN, Elementar Analysesysteme
GmbH, Hanau, Germany). Each 100-mg dry sample was
analysed for its N content and converted into protein with
the factor 6.25 for barley.
Quantitative protein analysis with RP-HPLC
Protein extraction from 100-mg flour samples was realized
stepwise. In the first step, 1-mL extraction with solution
A (phosphate buffer containing 97 parts of 0.067 mol L-1
Na2HPO4; 0.4 mol L
-1 NaCl and 3 parts 0.067 mol L-1
KH2HPO4; 0.4 mol L
-1 NaCl; pH 7.6) by vortexing for
2 min and shaking at room temperature (RT) for 10 min
for albumins/globulins fractions, the extraction being
repeated twice. The samples were centrifuged for 20 min
at 6,0009g, and the supernatants were combined and filled
up to 2 mL. The pellet was than extracted three times with
0.5 mL extraction solution B [60% ethanol (v/v)], vor-
texed for 2 min and exposed to 10-min shaking at RT.
The samples were centrifuged for 20 min at 6,0009g, and
the prolamin-containing supernatants were combined and
filled up to 2 mL. In the third step, the remaining pellet
was extracted two times with 1 mL extraction solution C
(50% 1-Propanol (v/v) and 0.05 mol L-1 Tris/HCl (pH
7.5) containing 2 mol L-1 urea as well as 1% dithio-
erythritol) under N2, with 2-min vortexing and 30-min
shaking at 60 C. The samples were centrifuged for
20 min at 6,0009g, and these glutelin-containing super-
natants were combined and filled up to 2 mL. All extracts
were filtered with 0.45-lm Filter: FP 30/0.45 CA What-
man (schleicher ? schnell) before HPLC injection.
For the RP-HPLC, a Nucleosil 300-5 C8 250 9 4.6
silica column (Macherey–Nagel, Dueren, Germany) was
used. As mobile phases, A = 0.1% in H2O (v/v) and
B = 0.1% TFA in acetonitrile (v/v) were applied. The flow
rate was 1 mL min-1 with the column temperature main-
tained at 50 C. For the albumins/globulins detection
(Fig. 1), 150 lL of sample solution were injected and
separated by using the following gradient: 0 min, 20% B;
20 min, 60% B; 21 min, 90% B, 26 min, 90% B; 37 min
20% B; whereas for prolamins and glutelins (Fig. 1), 50
and 100 lL were injected, respectively, and the separation
was performed by applying the following gradient: 0 min,
24% B; 50 min, 56% B; 51 min, 90% B, 56 min, 90% B;
67 min 24% B [24]. The external PWG (Prolamin Working
Group) gliadin standard was used for the quantification of
the protein fractions [25].
Statistical analyses were performed using Microsoft
Excel 2003 for mean value, standard deviation and sig-
nificance (P). For a more clear illustration of the results,
just the two of the naked barley cultivars with the strongest
differences are presented separately in a table.
Results and discussion
The influence of Fusarium infection on the toxin
concentration and the quantitative protein composition
of naked barley
Tables 1, 2, 3, 4 and 5 summarize the results for the most
different naked barley cultivars Frealishe (Table 1) and
00/900/5N (Table 2), all seven naked barley cultivars on
an average (Table 3), the summer barley cultivar Barke
(Table 4) and a comparison of seven naked barley cultivars
with summer barley cultivar Barke (Table 5). The detected
fungal content expressed as Fusarium toxin (DON and
3-Ac-DON) in the naked barley, and summer barley cul-
tivars showed a significant increase in all the investigated
parameters after artificial infection in comparison to the
naturally infected cultivars (Tables 1, 2, 3, 4 and 5) except
Fig. 1 Protein fractions in naked barley [Lawina]: a albumins ? globulins total; b C-hordeins; c-hordeins; total hordeins (prolamins) from first
to last bar; c D-hordenins; B-hordenins; total hordenins (glutelins) from first to last line
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the cultivar 00/900/5N in the location Sattenhausen. This
confirms that the tested species and cultivars showed a
certain susceptibility to Fusarium spp. depending on the
degree of infection [4]. Naked barley showed, in general, a
higher content of Fusarium toxin than the investi-
gated summer barley (Table 5). In the seven naked barley
cultivars, we found two with a higher degree of suscepti-
bility (Lawina and Linz) and two with nearly the same
susceptibility (Frealishe and Taiga) as summer barley
cultivar.
The total and extractable protein content of the inves-
tigated naked barley cultivars did not changed significantly
with respect to the Fusarium infection (Table 5; Fig. 2).
These results are in agreement with another study in which
no impact on total protein content in F. culmorum-infected
wheat samples was also found [11]. In contrast, older
results from studies using F. graminearum showed a
moderate increase in the total protein content related to the
degree of infection [10].
Analysing the difference between the total protein
content and the extractable protein content showed that
about 62–85% of the total protein content could be
extracted by the method used in this investigation
(Tables 1, 2, 3, 4 and 5). Non-extractable proteins are
membrane-associated or those basic proteins with a high
sugar content [26] and also include the non-extractable
storage proteins. For a more complete and efficient
extraction of the plant proteins, more specialized proce-
dures must be used [27].
Comparing the naked barley cultivars with summer
barley, we found 21% higher total and a 15% higher
extractable protein content in the naked barley. However,
the naked barley showed a high degree of variation of total
protein for the seven investigated cultivars and the two
growing regions of between 125 and 225 g kg-1 (Tables 1,
2, 3). These values and high variation in the protein content
of naked barley are supported by the literature [9], but the
cause for the variations between the different cultivars is
still unclear.
The influence of Fusarium infection on the Osborne
fractions in naked barley and summer barley showed that
the albumin and globulin fraction was not significantly
changed. The naked barley contained 16% albumins/
globulins, while there was a slightly higher content in
summer barley of 19% (Table 5).
The prolamin (hordeins) and glutelin (hordenins) frac-
tions and types were also not significant influenced by
Fusarium infection (Table 5). For hordeins, the artificially
infected samples showed a slightly reduced concentration
for all types in naked barley and summer barley in com-
parison to the naturally infected samples (Fig. 2). The
hordenins showed also a slight reduction in naked barley,
but there was a slightly raised B-hordenin concentration in
the summer barley (Fig. 2). However, the ratio hordein/
hordenin content either did not change or only to a minor
degree.
For the present results, we assumed that these changes
were due to a slight degradation of the barley proteins by
Table 1 Protein concentration (g kg-1) in naturally and artificially
Fusarium-infected grain from the naked barley cultivar Frealishe and
relative variance between the natural and artificial infections (%) at
the locations Sattenhausen and Reinshof, as well as the DON and 3-
















Albumins ? Globulins Total 20.9 ± 1.6 20.3 ± 0.8 -2.8 18.6 ± 0.0 18.9 ± 0.1 1.7
Total 76.0 ± 4.6 74.8 ± 1.8 -1.6 107.2 ± 2.9 105.3 ± 1.1 -1.8
Hordeins C 29.1 ± 2.1 28.0 ± 1.3 -4.0 49.1 ± 1.0 46.7 ± 0.1 -5.0
c 46.9 ± 2.4 46.8 ± 0.3 -0.3 58.1 ± 4.1 58.6 ± 1.0 0.9
Total 28.5 ± 0.8 31.8 ± 0.4 11.6 22.9 ± 1.1 23.0 ± 2.1 0.4
Hordenins D 1.6 ± 0.0 2.1 ± 0.0 28.0 1.8 ± 0.0 2.1 ± 0.0 13.8
B 26.9 ± 0.8 29.7 ± 0.3 10.3 21.1 ± 0.6 20.9 ± 2.2 -0.6
Hordeins ? Hordenins Total 104.5 ± 5.5 106.6 ± 2.1 2.0 130.1 ± 4.0 128.3 ± 3.2 -1.4
Hordein/Hordenin Ratio 2.7 2.4 -11.7 4.7 4.5 -2.4
Extract proteins Total 125.4 ± 7.1 126.9 ± 2.9 1.2 148.7 ± 4.0 147.2 ± 3.3 -1.0
Protein Total 166.6 170.0 2.1 211.5 208.3 -1.5
DON 0.0 ± 0.0 1.7 ± 0.3 – 0.0 ± 0.0 1.8 ± 0.1 –
Toxin (mg kg-1) 3-Ac-DON 0.0 ± 0.0 0.4 ± 0.1 – 0.0 ± 0.0 0.1 ± 0.0 –
Total 0.0 2.1 – 0.0 1.9 –
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the fungus as fungal proteases such as trypsin protease or
serine protease are part of the exoproteome of Fusarium
spp., and they are known to be protein-degrading enzymes
[26–28]. The reasons for this lower degree of degradation
of barley storage proteins in comparison to that found
with wheat [11] may be (1) the localized infection that
occurred only on selected single grains in barley [29], or
perhaps (2) the occurrence of proteinase inhibition by
microbial proteinase inhibitors such as barley Bowman-
Birk inhibitor (BBI) or serine protease inhibitor [30, 31],
or (3) the synthesis of pathogenesis-related proteins
(chitinase), defence-response proteins (oxidative burst
Table 2 Protein concentration (g kg-1) in naturally and artificially
Fusarium-infected grain from the naked barley cultivar 00/900/5N
and relative variance between the natural and artificial infections (%)
at the locations Sattenhausen and Reinshof, as well as the DON and 3-
















Albumins ? Globulins Total 18.4 ± 0.0 18.1 ± 0.1 -2.1 17.5 ± 0.1 17.9 ± 0.2 2.2
Total 64.8 ± 0.8 59.2 ± 0.7 -8.6 92.5 ± 1.3 87.4 ± 0.4 -5.5
Hordeins C 32.4 ± 1.2 30.5 ± 0.3 -6.0 45.4 ± 0.1 42.5 ± 0.5 -6.4
c 32.4 ± 0.1 28.7 ± 0.6 -11.3 47.1 ± 0.1 44.9 ± 0.9 -4.7
Total 21.2 ± 1.0 20.8 ± 1.1 -1.9 21.3 ± 1.2 20.2 ± 1.2 -5.2
Hordenins D 1.9 ± 0.1 1.9 ± 0.3 0.0 2.6 ± 0.0 2.6 ± 0.0 -2.4
B 19.3 ± 0.6 18.9 ± 1.4 -2.3 18.7 ± 0.4 17.6 ± 0.9 -6.0
Hordeins ? Hordenins Total 86.0 ± 1.1 80.0 ± 0.5 -7.0 113.8 ± 1.0 107.6 ± 0.4 -5.4
Hordein/Hordenin Ratio 3.1 2.8 -7.4 4.3 4.4 4.1
Extract Proteins Total 104.4 ± 1.1 98.1 ± 0.6 -6.0 131.3 ± 1.0 125.5 ± 0.2 -4.4
Protein Total 124.4 152.6 22.7 193.7 188.7 -2.5
DON 0.4 ± 0.1 0.3 ± 0.1 – 0.2 ± 0.0 3.3 ± 0.5 –
Toxin (mg kg-1) 3-Ac-DON 0.1 ± 0.0 0.0 ± 0.0 – 0.0 ± 0.0 0.5 ± 0.1 –
Total 0.5 0.3 – 0.2 3.8 –
Table 3 Protein concentration (g kg-1) in naturally and artificially
Fusarium-infected grain from the seven naked barley cultivars
(n = 7) and relative variance between the natural and artificial
infections (%) at the locations Sattenhausen and Reinshof, as well as

















Albumins ? Globulins Total 21.0 ± 1.7 21.2 ± 2.1 0.7 19.0 ± 1.5 19.3 ± 1.4 1.4
Total 66.9 ± 13.6 66.2 ± 14.0 -1.0 90.8 ± 12.3 89.9 ± 13.8 -1.0
Hordeins C 29.6 ± 8.7 29.5 ± 8.9 -0.5 41.3 ± 6.1 41.1 ± 6.9 -0.5
c 37.3 ± 7.3 36.7 ± 7.8 -1.5 49.5 ± 7.1 48.8 ± 8.0 -1.6
Total 22.9 ± 4.7 23.1 ± 5.0 0.9 22.2 ± 4.6 21.4 ± 4.7 -3.6
Hordenins D 2.1 ± 0.6 2.2 ± 0.7 4.7 3.1 ± 1.0 2.9 ± 0.7 -5.5
B 20.8 ± 5.1 20.9 ± 5.4 0.9 19.1 ± 4.4 18.5 ± 4.6 -2.8
Hordeins ? Hordenins Total 89.8 ± 18.0 89.3 ± 18.2 -0.6 113.0 ± 15.7 111.3 ± 17.9 -1.5
Hordein/Hordenin Ratio 2.9 2.9 -2.0 4.0 4.2 4.2
Extract proteins Total 110.8 ± 18.5 110.5 ± 18.5 -0.3 132.0 ± 15.1 130.6 ± 17.6 -1.1
Protein Total 155.8 163.9 5.2 195.9 196.3 0.2
DON 0.1 ± 0.2 2.0 ± 2.0 – 0.2 ± 0.2 2.7 ± 1.1 –
Toxin (mg kg-1) 3-Ac-DON 0.0 ± 0.0 0.5 ± 0.4 – 0.0 ± 0.1 0.4 ± 0.3 –
Total 0.1 2.5 – 0.2 3.1 –
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response), protein-synthesis-related proteins and proteins
involved in the phenylpropanoid biosynthesis (phenole
and indole derivates) pathway as a reaction to the
Fusarium infection [13–16].
The hordein and hordenin fractions varied in content
among the investigated naked barley cultivars with respect
to both the location and the cultivar: for hordeins between 54
and 109 g kg-1 and for hordenins between 17 and 32 g kg-1
Table 4 Protein concentration (g kg-1) in naturally and artificially
Fusarium-infected grain from the summer barley cultivar Barke and
relative variance between the natural and artificial infections (%) at
the locations Sattenhausen and Reinshof, as well as the DON and 3-
















Albumins ? Globulins Total 21.1 ± 0.1 21.0 ± 0.1 -0.9 21.5 ± 1.3 20.7 ± 0.2 -3.8
Total 43.3 ± 0.2 38.5 ± 0.9 -11.1 68.9 ± 1.9 65.4 ± 2.0 -5.1
Hordeins C 17.4 ± 0.9 15.0 ± 0.4 -13.7 30.2 ± 0.7 28.2 ± 0.8 -6.6
c 25.9 ± 0.6 23.5 ± 0.5 -9.4 38.7 ± 1.3 37.2 ± 1.2 -3.9
Total 31.1 ± 1.8 31.3 ± 1.9 0.6 30.5 ± 2.2 31.1 ± 1.2 2.0
Hordenins D 2.6 ± 0.0 2.4 ± 0.0 -7.3 3.8 ± 0.0 3.5 ± 0.1 -6.7
B 28.5 ± 1.7 28.9 ± 1.8 1.4 26.7 ± 2.2 27.6 ± 1.1 3.5
Hordeins ? Hordenins Total 74.4 ± 1.6 69.8 ± 2.8 -6.2 99.4 ± 0.3 96.5 ± 1.0 -2.9
Hordein/Hordenin Ratio 1.4 1.2 -11.7 2.3 2.1 -6.8
Extract Proteins Total 95.5 ± 1.5 90.8 ± 2.9 -4.9 120.9 ± 0.9 117.2 ± 0.8 -3.1
Protein Total 131.4 126.8 -3.5 165.2 163.3 -1.2
DON 0.0 ± 0.0 1.0 ± 0.0 – 0.3 ± 0.2 2.0 ± 0.6 –
Toxin (mg kg-1) 3-Ac-DON 0.0 ± 0.0 0.3 ± 0.0 – 0.0 ± 0.0 0.3 ± 0.1 –
Total 0.0 1.3 – 0.3 2.3 –
Table 5 Summary of protein concentration (g kg-1) in naturally and
artificially Fusarium-infected grain from the seven naked barley
cultivars and the summer barley cultivar Barke with relative variance
between the natural and artificial infections (%) at both locations
Sattenhausen and Reinshof, as well as the DON and 3-Ac-DON
concentration of the natural and artificial infections
Protein fractions
(g kg-1)
Type Naked barley (n = 7) P# Barley (n = 1)















Albumins ? Globulins Total 20.0 ± 1.9 20.2 ± 2.0 1.0 0.3 21.3 ± 0.3 20.8 ± 0.2 -2.4
Total 78.8 ± 17.5 78.0 ± 18.1 -1.0 0.3 56.1 ± 18.2 51.9 ± 19.0 -7.5
Hordeins C 35.4 ± 9.4 35.3 ± 9.7 -0.5 0.6 23.8 ± 9.1 21.6 ± 9.4 -9.2
c 43.4 ± 9.4 42.7 ± 9.8 -1.5 0.1 32.3 ± 9.1 30.3 ± 9.7 -6.1
Total 22.5 ± 4.5 22.3 ± 4.8 -0.9 0.2 30.8 ± 0.5 31.3 ± 0.3 1.6
Hordenins D 2.6 ± 0.9 2.6 ± 0.8 -1.3 0.5 3.2 ± 0.8 3.0 ± 0.8 -6.9
B 19.9 ± 4.7 19.7 ± 5.0 -0.9 0.5 27.6 ± 1.2 28.3 ± 0.9 2.4
Hordeins ? Hordenins Total 101.3 ± 20.1 100.3 ± 20.7 -1.0 0.1 86.9 ± 17.7 83.2 ± 18.7 -4.3
Hordein/Hordenin Ratio 3.5 3.5 1.1 – 1.8 1.7 -8.6
Extract Proteins Total 121.3 ± 19.6 120.5 ± 20.2 -0.7 0.2 108.2 ± 18.0 104.0 ± 18.6 -3.9
Protein Total 175.8 180.1 2.4 0.1 148.3 145.0 -2.2
DON 0.2 ± 0.2 2.4 ± 1.3 – – -0.3 ± 0.2 1.5 ± 0.7 –
Toxin (mg kg-1) 3-Ac-
DON
0.0 ± 0.1 0.5 ± 0.3 – – 0.0 ± 0.0 0.3 ± 0.1 –
Total 0.2 2.9 – – 0.3 1.8 –
P# significance of difference between natural and artificial infected naked barley cultivars on both locations
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(Tables 1, 2, 3 not all data shown). The investigated summer
barley cultivar, Barke, also varied according to location
(Table 3): hordein between 39 and 70 g kg-1 and hordenins
between 31 and 32 g kg-1. The comparison between the
naked barley and summer barley showed that the hordeins
formed a bigger proportion of the extractable protein in
naked barley (65%) than in the summer barley (52%;
Table 5). In contrast, the proportion of the hordenin fraction
was 9% higher in the summer barley than in the naked barley
cultivars (Table 5) apart from cvs. Linz and Frealishe that
had proportions equivalent to those in the summer barley.
These results led to a lower hordein/hordenin ratio for
summer barley (1.2–2.3) in comparison to naked barley
(2.4–5.2; Tables 1, 2, 3, 4, 5). The reasons for these differ-
ences in the storage protein proportions between naked
barley and summer barley may include a variation in the rate
of synthesis in the developing kernels [20], although it is still
unclear which factors cause these differences.
Effect of N supply at two different growing locations
on the quantitative protein composition
For both naked barley and summer barley, the total protein
content seemed to be significantly connected to the con-
ditions present at the growing location (Tables 1, 2, 3, 4, 5;
Fig. 3). For the impact of the location on the extracted
protein fractions in naked barley and summer barley, we
considered both the naturally and artificially fungal infec-
ted samples together. The naked barley showed a signifi-
cant 23% higher total protein content and a significant 18%
higher extractable protein content at RH (higher N supply)

















Fig. 2 Variations in % of
protein fractions in naked barley
(n = 7) and summer barley
(n = 1) in whole grain flour
from two growing locations
after artificial Fusarium
infection in comparison to
natural infection,






SH RH SH RH SH RH SH RH SH RH SH RH
Naked Barley Barley Naked Barley Barley Naked Barley Barley








1 p < 0.001
p < 0.001
p < 0.001Fig. 3 Protein content in grains
of naked barley (n = 7) and
summer barley (n = 1) at two
locations (SH Sattenhausen; RH
Reinshof) with different N
supplies; significant changes for
naked barley are denoted as
P values
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data support this change based on the N supply of the
location (Table 6; Fig. 3).
A significant 9% reduction in the albumins and globu-
lins was observed in naked barley at RH in comparison to
SH (Fig. 4). This reduction in the albumin and globulin
fraction could not be confirmed in the summer barley
results as a minor increase in this fraction occurred
(Table 6). These results are not supported by N supply
studies on wheat as no changes in the albumin and globulin
fraction were detected in this cereal [17, 32]. The reasons
for this reduction in association with N supply in naked
barley are unclear, but there may be a suppression of
albumin and globulin synthesis at locations with a high N
supply in contrast to the induced storage protein synthesis
found in naked barley under these conditions (Table 6)
[17–19].
The hordein content was significantly increased by 35%
in naked barley and by 63% in summer barley at RH
compared to SH (Figs. 4, 5). The C-hordeins were the most
affected proteins in both types of barley (Fig. 5; Table 6).
It can be, therefore, be postulated that summer barley is
more susceptible to a raised N supply with respect to
hordeins than naked barley. In contrast, the total amount of
hordenins was negatively influenced (Table 6; Figs. 4, 5).
At RH, the naked barley showed a reduction of 5% (sig-
nificant for B- and D-hordenins) and the summer barley a
minus of 1% in comparison to SH (Fig. 5). Looking at the
hordenin fractions individually, only the D-hordenins
showed a higher content (Table 6). The B-hordenins were
found in significantly lower concentrations in comparison
to the other fractions (Figs. 4, 5). This reduction in
B-hordenins was observed in all the investigated naked
barley and summer barley cultivars (Tables 1, 2, 3, 4, 5)
and is supported by literature results where it is suggested
that N has an influence on hordeins [19]. In conclusion, in
this study, the C-hordeins, c-hordeins and D-hordenins
increased in content, while the B-hordenins decreased.
So far, little is known about barley protein types. The
present results show that B-hordenins synthesis is not
connected to the total protein content and the synthesis of
the other protein types (Figs. 4, 5). The reason for this
irregular synthesis of barley storage protein types is pos-
sibly due to the regulation of synthesis. Nitrogen avail-
ability and the resulting higher total protein content have
been documented as being a factor that can promote gene
expression [20]. These upstream factors have been identi-
fied as separate motifs E and N in C-hordeins, and at
adequate nitrogen levels, these motifs enhanced gene
expression and decrease it at low nitrogen levels [20]. Such
gene promoters are known also from other cereals, such as
wheat or maize, where the base sequence changed in length
and in its base sequence or a motif was found to be
missing. This could explain why B-hordenins were not
Table 6 Variance of relative protein concentration between the two
locations, Sattenhausen and Reinshof, of seven naked barley cultivars
and the summer barley cultivar Barke with respect to the N supply




Albumins ? Globulins Total -9.2 0.2
Total 34.7 62.9
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B -9.8 -5.2
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Fig. 4 Quantities of albumins/
globulins, hordein (prolamins)
and hordenin (glutelins) protein
fractions in naked barley
(n = 7) and summer barley
(n = 1) at two locations (SH
Sattenhausen; RH Reinshof) in
grain with different N supplies;
significant changes for naked
barley are denoted as P values
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enhanced in comparison to the other three barley protein
fractions as it is likely that the promoter motifs are missing,
so that the protein synthesis cannot be enhanced. An
influence of the amino acid composition or synthesis can be
excluded because no characteristic features in amino acid
composition were found to be apparent for B-hordenins in
comparison to the other types [32].
Conclusions
Naked barley, normally grown under organic farming
conditions, and summer barley showed no characteristic
changes in protein composition as a reaction to Fusarium
spp. infection. This is in contrast to wheat, where such
changes are known to occur. In addition to these basic
findings, new information about the degradation and
changes in different protein types was attained. As a con-
sequence, further investigations focussed in general on
protein degradation are recommended. The influence of the
growing location and nitrogen availability on the protein
content has been documented in previous studies on wheat
and barley. The present results support and enlarge these
findings for naked barley as the naked barley showed
characteristic changes in the synthesis of its protein types
in response to increased nitrogen. Further studies in this
context may help to clarify the mechanisms that lead to the
irregular synthesis of barley protein subunits depending on
nitrogen availability.
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